The montane forests on Mount Kilimanjaro are part of the ecologically protected area and provide ecosystem services to the local communities on the lower slopes. Despite their ecological value, the montane forests on the northern slope of Mount Kilimanjaro have been affected by increased livestock grazing pressure due to prolonged drought and expansion of agricultural land. We examined the impacts of livestock grazing on plant species composition in the montane forests on the northern slope of Mount Kilimanjaro. The study area was sub-divided into heavily grazed, moderately grazed, lightly grazed and ungrazed sites. A quadrat method was used for field data collection. A total of 115 plant species distributed within 93 genera and 39 families were identified. Moderately grazed and lightly grazed areas had higher plant species diversities than heavily and ungrazed areas. This observation concurs with the intermediate disturbance hypothesis. However, plant species that contributed to high species richness and diversity in grazed areas were mainly grasses, shrubs and herbs. It was concluded that livestock grazing in montane forests on the northern slope of Mount Kilimanjaro has serious impacts on vegetation community composition. Conservation of montane forest habitat and improvement of rangelands on communal land are necessary.
Introduction
Livestock grazing in natural ecosystems results in changes in vegetation structure and composition (Stern et al. 2002) . Changes in vegetation composition from palatable grasses and sedges to less palatable forbs resulting from heavy grazing have been reported in northwest China (Sun et al. 2011) , Libya (Zatout 2014) , North America (Bakker et al. 2003; Koerner & Collins 2014) , South Africa (Koerner & Collins 2014) and Argentina (Cingolani et al. 2013) . The response of plant species richness varies according to grazing intensity. For example, in grassland ecosystem, Deng et al. (2014) reported that plant species richness increased with decreasing grazing intensity. The author observed the highest plant species richness at light and moderate grazing intensities. Random grazing patterns can lead to spatial heterogeneity in light availability, soil nutrient availability and vegetation community dynamics. This can reduce plant competition for environmental resources because the vegetation exists in patches (Bakker et al. 2003) . At the within-patch scale, light grazing intensity can promote plant diversity, but heavy grazing intensity can lead to the exclusion of the species intolerant to grazing (palatable), resulting in an increase in grazing tolerant plant species (unpalatable) (Watt & Gibson 1988; Calvert 2001) . In North America, light browsing resulted in suppression of dominant shrubs and maintenance of shrub diversity (Pekin et al. 2014) . According to Mligo (2006) and Stern et al. (2002) , livestock grazing leads to changes in floristic composition and structure within grazed areas. Most studies have documented the impacts of livestock grazing on vegetation in woodlands and grasslands (Hardy et al. 1999; Mligo 2006; Sun et al. 2011; Cingolani et al. 2013; Deng et al. 2014; Koerner & Collins 2014) . There has been little effort to cover knowledge gaps regarding the impacts of livestock grazing on plant species composition in afromontane forests (Reed & Clokie 2000) , one of which is the montane forest of Mount Kilimanjaro. The northern slopes of Mount Kilimanjaro are inhabited by pastoral communities, particularly in the villages of Kamwanga, Irkaswa, Kitendeni and Lerangw'a in the Longido District. These villages had been sharing land with wildlife in the former Longido Game Controlled Area. However, major land-use changes have occurred between 1952 and 2001 in the area (Noe 2003) . These changes have been associated with increasing land area under cultivation and establishment of settlements, especially on the lower slopes of the northern side of Mount Kilimanjaro. For example, in 1952 there was only one village in this area (the Kamwanga village); however, by 2001 three more villages, Lerangw'a, Irkaswa and Kitendeni, had been established in 1975 , 1982 , respectively (Noe 2003 . Concomitant to the influx of pastoralists to the area, there was also a migration of non-pastoral people to the area in the past three decades, which has contributed to an increase in the amount of land used for cultivation at the expense of pastoral land (Muruthi & Frohardt 2000) . Because of the decrease in grazing land for pastoralists, the Maasai community has changed from pastoralism to agropastoralism. The general practices of the aforementioned activities depend on seasonal rains; however, there has been lack of short rains that are usually received between November and January in recent years. The decrease and delay of long rains in the study area has also been reported. At present, long rains start in April and end in May instead of starting in March and ending in June as in normal years (Ndikumana 2007) . This has resulted in a shortage of forage for livestock and, consequently, the expansion of grazing areas into montane forests at higher altitudes ranging from 1600 to 2600 m a. s.l., particularly during dry seasons. In recent years, there has been an increase in the livestock population and grazing pressure in montane forests on the northern slopes of Mount Kilimanjaro (TANAPA 2006) . The most preferred composition of livestock types driven into montane forests on the northern slopes of Mount Kilimanjaro includes: cattle, goats, sheep and donkeys. However, the montane forests are part of the Kilimanjaro National Park, such that the wild communities have historically co-existed with the vegetative communities as habitat without putting one community in jeopardy, and therefore, their foraging behaviours have been considered natural.
Livestock grazing may be affecting plant composition in the montane forest on the northern slope of Mount Kilimanjaro. The grazing intensity in this montane forest varies based on accessibility and the protection status of the forest. The lower montane forest, at approximately 16001800 m, is regarded as a heavily grazed area. In this area, a Memorandum of Understanding between local communities and the Forest and Beekeeping Department was signed in 1963 to allow use of this area for livestock grazing during the dry season. On the other hand, the upper part of the montane forest, with an approximate altitude of 18002400 m, has no legal access for livestock grazing. However, it has been grazed at different levels: moderately, lightly or ungrazed.
Livestock grazing in the montane forest on the northern slope of Mount Kilimanjaro may be a threat to the conservation of plant species and the associated economic and ecological values of the mountain. This study investigated the impacts of livestock grazing on plant composition to understand how livestock grazing pressure alters montane forest communities on the northern slope of Mount Kilimanjaro. It was hypothesised that livestock grazing has negative impacts on the plant community in the montane forests of Mount Kilimanjaro. We compared plant species diversity in sites with different grazing intensities in the montane forests on the northern slope of Mount Kilimanjaro.
Material and methods
This study was carried out in the montane forests on the northern slope of Mount Kilimanjaro, which is found in Northern Tanzania (Figure 1 ). The study area is located adjacent to the Tanzania -Kenya international boundary, at latitude 2°45ʹ3°25ʹS and longitude 37°00ʹ37°43ʹE, approximately 300 Km south of the equator (Lambretchs et al. 2002) .
The climate of Mount Kilimanjaro varies from one ecological zone to another based on altitudinal gradient and aspect. The northern slope of Mount Kilimanjaro forms the leeward side, thus being drier than the southern and eastern slopes. There are two distinct rainy seasons in this forest, a long rainy period occurring between March and June and short rainy periods between November and December. Therefore, the climate of the area is bimodal. The nearest weather station to the study area is in Lyamungo, which is at approximately 50 km on the western slope and receives a mean annual rainfall of 1714 mm with a mean temperature of 19.3°C (Appendix 2).
A preliminary survey was carried out to define vegetation segments based on their homogeneity and grazing intensity. Random sampling procedures were used in locating quadrats within each sampling site. The degree of livestock trampling was assessed by measuring the percentage (by area) of trail and bare ground in a 20 m × 25 m quadrat. Qualitative estimation of grazing intensity in each quadrat based on an assessment of percentage utilisation of vegetation by livestock was also conducted in each quadrat (Rulangalanga 2000) . A total of four grazing intensity classes based on a modified Rulangalanga's classification system were established (Rulangalanga 2000) (Table 1) . Within each grazing intensity class, a detailed study on the plant species composition was carried out. Ten rectangular quadrats of 20 m x 25 m were established in each grazing intensity category, making a total of 40 quadrats in the entire study area. In each quadrat, the trees with Diameters at Breast Height (DBH) equal or greater than 10 cm were identified to species, enumerated and measured. Two (2 m × 5 m) subquadrats nested in bigger quadrats (of 20 × 25 m) as recommended by Stohlgren et al. (1995) were established for sampling trees with DBHs less than 10 cm and shrubs. Additionally, grasses and herbaceous species were determined using three 1 m 2 -quadrats randomly established inside the bigger quadrats (20 m × 25 m), and the number of individuals and percentage cover for each species was estimated in relation to the quadrat size. All plants were identified to species level when it was possible in the field. For plant species that were not easily identified in the field, specimens were collected, pressed and taken to the herbarium in the Department of Botany, University of Dar es Salaam (DSM) for identification by matching with herbarium specimens and/or keying using relevant flora identification texts, such as Flora of Tropical East Africa and Flora Zambeziaca.
Data analysis
Plant species composition in each area was determined in terms of species diversity index, species evenness, and species richness and plant density for all recorded plant species.
The plant species diversity was determined from raw data using the Shannon's diversity index (H′) (Shannon 1948) , as shown in the formula below:
where p i = n i /N is the number of individuals found in the ith species as a proportion of the total number of individuals found in all the species and ln the natural logarithm base e. Before applying one-way analysis of variance (ANOVA) to compare plant species diversity and richness among areas with different grazing intensities, tests for normality (KolmogorovSmirnov D statistic) and homogeneity of variance (Levene statistic) of richness and diversity indices for all recorded plant species were carried out. The significance level for all tests was based on a 5% critical limit. Correlation analysis was used to assess the influence of grazing intensity on plant species diversity. The classification of vegetation communities was done using Two-Way Indicator Species Analysis (TWINSPAN) based on livestock grazing disturbances (Hill 1979 ).
Results

Plant species composition in grazed areas
A total of 115 plant species distributed within 39 families and 93 genera were identified in this study (Appendix 1). The commonly occurring plant species in ungrazed areas were Teclea simplicifolia, Achyranthus aspera, Asparagus africana and Cassipourea malosana, while in lightly grazed areas common species were Achyranthes aspera, Olea europaea subsp. africana and Teclea simplicifolia (Table 2 ). In moderately grazed areas, Croton megalocarpus, Commelina benghalensis, Setaria homonyma and Teclea simplicifolia were represented with high stem densities, and the densely populated species in the heavily grazed areas were Euclea divinorum, Themeda triandra, Carissa spinarum and Rhus natalensis ( Table 2 ). The most dominant families with regards to plant species composition were Poaceae, Acanthaceae, Rutaceae, Amaranthaceae, Euphobiaceae, Meliaceae and Rubiaceae.
Population structure and DBH size class distribution of trees varied considerably among the four studied areas. The least grazed and moderately grazed areas had large numbers of individuals within the DBH size classes of 10-40 cm relative to ungrazed and heavily grazed areas (Figure 2 ). However, old stand trees with diameter size classes greater than 100 cm were highly represented in ungrazed areas, and these huge size classes were missing in other areas. Heavily grazed areas had only 40 stems/ha in the 10-20 cm DBH size classes, while lacking trees with DBHs above 20 cm (Figure 2 ).
Plant species richness and diversity
Plant species richness was highest in moderately grazed areas (21.3), followed by lightly, heavily and ungrazed areas with mean species numbers of 18.70, 12 and 10.9, respectively (Table 3) . The difference among areas with different grazing intensities was significant based on an ANOVA (F = 35.7, p < 0.05). Multiple comparison tests among areas with different grazing intensities using Tukey's Honestly Significant Difference showed that significant differences exist between moderately vs. heavily grazed areas, moderately vs. ungrazed areas, lightly vs. heavily grazed areas and lightly grazed vs. ungrazed areas (p < 0.05) (Table 3) . Otherwise, no significant variations in species richness were found between moderately and lightly grazed areas and heavily and ungrazed areas (p > 0.05). Additionally, the highest plant species diversity (ShannonWiener (H′) index of 2.767) was recorded in moderately grazed areas, followed by lightly grazed, heavily grazed and ungrazed areas (Table 4) . The difference in the plant species diversity indices among areas with different grazing intensities was significant based on an ANOVA (F = 32.87 and p < 0.05).
Vegetation communities in the study area
Based on TWINSPAN, three vegetation community types (denoted as A, B and C) existed, as shown in the dendrogram (Figure 3) . At the first level of TWINSPAN division, plant community C emerged with Themeda triandra (+) as the indicator of division. The eigenvalue of 0.7546 for this division was relatively high, showing large differences in species composition from the rest of the communities in the study area. Community A consisted of samples of vegetation data from ungrazed areas, which were commonly represented by Clutia abyssinica, Maytenus senegalensis, Achyranthes aspera and Turraea holstii, among others. The indicators of species composition differences between species in communities A and B were Commelina benghalensis (+), Turraea robusta (+), Prunus africana (−) and Cassipourea malosana (−). The presence of Commelina benghalensis (+) and Turraea robusta (+) implied that ecological changes were caused by disturbance through livestock grazing. On the other hand, P. africana (−) and Cassipourea malosana (−) were sensitive to disturbances through grazing and hence were indicators of communities undisturbed by grazing. The measure of variation in species composition (eigenvalue of 0.49) indicates minor differences between communities A and B from lightly and moderately vs. ungrazed areas. This means that community B was dominated by plant species that were also found in both the lightly and moderately grazed areas. The indicator species for moderately grazed conditions were Clausena anisata, Celtis africana, Vangueria infausta and Hypoestes aristata. Community C was composed of plant species from heavily grazed areas and was represented by Carissa spinarum and Cynodon dactylon. These two species were the characteristics of a shrubby community and this implies that livestock grazing pressure contributed to the observed change of montane forest communities into shrubby communities.
3.4. The relationship between grazing intensities and plant species diversity A significant negative correlation was found between grazing intensity and species diversity (r = −0.4871, p = 0.0063) (Figure 4 ). Although the correlation coefficient was not strong enough to explain the significant influence of grazing pressure on species diversity, based on the montane nature of the forest, the impacts of livestock grazing on diversity were very significant. This indicates that plant species are sensitive to disturbance through livestock grazing. Additionally, the montane forest plant species are not adapted to co-exist with livestock grazing. This implies that at any level of grazing intensity plant species diversity in montane forests will decrease.
The response of different plant life forms to livestock grazing pressure
There were differences in plant life forms and plant size structures among areas with different grazing intensities. A high composition of tree species was found in moderately, ungrazed and lightly grazed areas. Heavily grazed areas had the lowest tree density and averaged 0.8 tree species per plot with a 0.19 Shannon's diversity index (Table 5) . Despite the lower tree species density in heavily grazed areas, these areas had higher compositions of shrubs and grass species than ungrazed areas. The heavily grazed areas were commonly dominated by Themeda triandra, Setaria sphacelata, Hyparrhenia filipendula, Heteropogon contortus and Dichanthium annulatum. The herbaceous species were represented by Senecio abyssinicus, Conyza pyrrhopappa, Gutenbergiaspp., Ruellia tuberose and Thunbergia alata, whereas shrubs were represented by Carissa spinarum, Indigofera volkensii, Leucas deflexa, Lantana trifolia, Solanum incanum and Hibiscus micranthus. The variation in plant species composition among sampling sites was contributed by variation in livestock grazing intensities.
Discussion
The influence of grazing pressure on plant species diversity
We observed higher plant species richness and diversity in moderately grazed and lightly grazed than in heavily grazed and ungrazed areas. Ungrazed areas were characterised by old growth stands with DBHs ranging from 10 to 310 cm. The low diversity of plant species in ungrazed areas may have been caused by a few dominant tree stands that usurp the lion's share of the habitat resources (nutrients and light). Many studies have reported that a few plant species favoured by lack of grazing tend to outcompete plants with smaller statures (Belsky 1992; Pekin et al. 2014 ). On the other hand, lower plant species diversities were recorded in the heavily grazed areas than in moderately and lightly grazed areas. This implies that the increase in livestock grazing intensity resulted in decreases in species diversity and abundances in the montane forests of northern slope of Mount Kilimanjaro. High plant species diversity in moderately and lightly grazed areas may be due to the effects of livestock grazing that results in opening of the canopy, thus giving opportunity for regeneration by gap opportunistic plant species (Pekin et al. 2014) . Livestock grazing may also have reduced competition among plant species through selective grazing on palatable competitors as well as trampling of both unpalatable and palatable plants during grazing in the montane forest (Rooney & Waller 2003) . This finding is in agreement with the intermediate disturbance hypothesis proposed by Connell (1978) . Models and metadata analysis have indicated that species richness and the Shannon Wiener diversity index are strong predictors of the intermediate disturbance hypothesis (Svensson et al. 2012) . The mechanism underlying the intermediate disturbance hypothesis is centred on a complex interplay between life history, biotic interaction and historical disturbance regime (Catford et al. 2012) . The increased availability of plant requirements, such as light, following disturbances through livestock grazing may explain why high diversities were observed in moderately and lightly grazed areas in the montane forests on the northern slope of Mount Kilimanjaro. According to Roberts and Gilliam (2003) , intermediate disturbance causes changes in local microclimates by opening up space in the canopy, resulting in the release of resources that would otherwise not be accessible to understory plants. Physical disturbances prevent competitively dominant species from excluding other species from the community (Markey & Currie 2001; Catford et al. 2012) . This brings about a trade-off between plant species ability to compete and tolerate various forms of disturbance. Species diversity is low at extremely low levels of disturbance because only the best competitors dominate and persist within community (Connell 1978 ). This concept is in agreement with the findings from this study, in which the habitat where disturbance was low displayed low plant species diversity. However, in the severely and the highly disturbed areas only a few species persisted or repeatedly colonised after every similar regime of disturbance, thus resulting in low species diversities (Connell 1978) . This concept also applies to the findings from this study in which heavily grazed areas had lower species diversities than moderately grazed areas. The overgrazed areas were dominated by plants unpalatable to livestock, including a few shrubs that performed under extremely modified habitat conditions. Therefore, the balance between competitive exclusion and the loss of competitive dominants through disturbance is attained at intermediate disturbances (Markey & Currie 2001) . At the highest peak of species diversity, conditions favour the coexistence of both the competitive species and disturbance-tolerant species (Connell 1978) . The purpose of Kilimanjaro National Park is to protect Africa's highest and one of the world's largest free standing mountains and to conserve its unique socio-economic, cultural and ecological values and features of the fragile mountain ecosystem (TANAPA 2006) . On that basis, maintenance of the status quo in the montane forest is of high priority, as it is an important regional water catchment for people outside the park. The plant species diversity observed in the grazed areas was mainly due to the dominance of shrubs, grasses and herbs. Therefore, the observed changes in species composition due to cattle grazing in the montane forests were contributed by the cover abundances of weeds and shrubs, which were characteristic in the heavily grazed areas. Therefore, grazing may lead to an increase in the number of plant species and the overall plant species diversity of an area, although the additional species may be either weeds or early colonisers (Landsberg et al. 2003) . Catford et al. (2012) identified five main ways in which alien species may reduce local diversity along disturbance gradients. These include: niche pre-emption, apparent competition, interference competition, exploitative competition and transformation of the environment. Despite the increase in diversity of shrubs and weeds in heavily grazed areas of the montane forest, these species may alter ecosystem processes (i.e., erosion rates and seasonal flows) to which native montane tree species are adapted.
Variation in plant species composition in
vegetation communities with different levels of grazing From TWINSPAN, three clusters of vegetation communities, denoted as A, B and C, were clearly observed. Plant species communities in ungrazed and lightly grazed areas were characterised by indicator species that are not tolerant of anthropogenic disturbances, particularly livestock grazing. For example, the African cherry (P. africana) is typically restricted to afromontane forest (White 1983) . During fieldwork, this species was only recorded in ungrazed areas of the montane forests on the northern slope of Mount Kilimanjaro that had been influenced by low-intensity human land use for a very long period. This species was not found in grazed areas where sampling was carried out, presumably due to livestock-related disturbances, and can therefore be considered a potentially sensitive plant species and indicator of late succession in the montane forest. Stewart (2009) observed declines in populations of P. africana due to anthropogenic activities including bark harvesting, wildfires and livestock grazing in Cameroon. Substantial evidence indicates that livestock grazing is among the causative agents for regeneration failure of P. africana in Mount Oku, Cameroon (Stewart 2009 ). Abebe (2008) also observed a loss of 42-61% of total P. africana regeneration potential due to grazing and browsing in afromontane forests in southern Ethiopia. Currently, P. africana is included on the IUCN Red List of Threatened Species and is categorised as a vulnerable species (WCMC 1998) . Another tree species that was restricted to ungrazed and lightly grazed areas was Cassipourea malosana. The indicator plant species of favourable habitat in the lightly and moderately grazed areas in cluster B were Celtis africana, Vangueria infausta, Clausina anisata and Hypoestes arisata. Some of these species (for example, Celtis africana) are vulnerable to livestock grazing and browsing. The mortality of C. africana due to grazing observed in the southern Ethiopian Afromontane forest cannot be excluded from the heavily grazed areas of the northern slopes of Mount Kilimanjaro because there was no representation of individuals of C. africana. Cluster C consisted of plant communities from heavily grazed areas with indicator species of plant communities that are resilient to livestock disturbances, such as Carissa spinarum, (shrub), Senecio abyssinica (herb) and Cynodon dactylon (grass). However, the presence of remnants of the forest-dependent Olea europaea subsp. africana indicates transformed/degraded montane forest is present on the northern slope of Mount Kilimanjaro. Cynodon dactylon is a grass species that performs well in heavily disturbed habitats. The performance of C. dactylon in heavily grazed areas is possible because of its extensive stolon and rhizome system, which provide a means of rapid expansion, allowing it to thrive well in overgrazed areas. During this study, this species was restricted only to heavily grazed areas in the montane forests. Similar observations indicating a high abundance of C. dactylon in over-grazed areas were reported in the Ethiopian highlands (Mwendera et al. 1997) and Southern Maasailand of Kenya (Kioko et al. 2012) . Among the dominant shrubs found within overgrazed communities was Carissa spinarum, which is also a drought tolerant species and performs in heavily grazed areas. Bahiru (2008) observed a high frequency of C. Spinarum in grazed areas in Ethiopia because it is less preferred by livestock. The avoidance of C. Spinarum by livestock most likely is due its unpalatability due to its high percentage of tannins, which range from 9% to 15% in its leaves (Parmar & Kaushal 1982) .
Tannins are polyphenolic compounds with great structural diversities that decrease the digestibility of protein (Giner-Chavez 1996) . Due to the physiological difficulties most herbivores experience in their digestion and the differences in the chemical reactivity of tannins, they are not preferred by grazing and browsing animals (Aganga et al. 1997) . The thorny characteristics of C. spinarum make it resistant to herbivore grazing and browsing impacts.
In heavily grazed areas, there has been a visible change in the vegetation community from montane forest to shrubland. Only three tree species with DBH>10 cm, Euclea divinorum, Olea europaea ssp. africana and Acacia nilotica, were observed in heavily grazed areas of the montane forests.
Livestock grazing changes plant structure and species composition in mountainous ecosystems. The observation of only a few woody species and the small diameters of the trees in the heavily grazed areas indicate negative impacts of livestock grazing on the montane forest on the Northern slope of Mount Kilimanjaro. Therefore, livestock grazing in the montane forest of Mount Kilimanjaro has strong implications for ecosystem integrity and sustainability. In Central Argentina, heavy grazing pressure was blamed for converting mountain ecosystems into rocky deserts through elimination of woodlands (Cingolani et al. 2013 ).
Conclusion
Livestock grazing significantly influences plant species diversity in areas with different grazing intensities on the northern slope of Mount Kilimanjaro. Moderately grazed areas had the highest plant species diversity, complying with the intermediate disturbance hypothesis. However, low tree species richness and a lack of advanced aged stands in heavily grazed areas indicated that the impacts of livestock grazing prevented trees from attaining large size classes. Grazing pressure is a function of the ecological variation existing in the montane forest in the study area and the plant species responses to the aforementioned anthropogenic disturbance. Conservation of montane forests is important for the protection of habitat for species with different conservation statuses (i.e., rare, endemic and threatened species). Despite the fact that moderate grazing promoted overall plant diversity in the study area, an endangered species, African cherry (Prunus africana), was severely affected by all levels of grazing, reducing the ecosystem services the montane forest provides to the local community. Therefore, it is recommended that the montane forest be protected from livestock grazing encroachment for conservation of biodiversity, the watershed catchment and the soil. The park management needs to collaborate with pastoralists in the northern part of Mount Kilimanjaro to observe the boundaries of the protected area that include the montane forests. This may ensure a protected water catchment for providing a sustainable water supply for wildlife as a means of biodiversity conservation and to satisfy the water requirements of livestock outside of the protected area (montane forests) on the northern slope of Mount Kilimanjaro. In this collaboration, the park may provide technical assistance in establishing watering points outside the montane forest to prevent access by pastoralists to the montane forest habitats.
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